Background: Studies evaluating development of health information systems in developing countries are limited. Most of the available studies are based on pilot projects or cross-sectional studies. We took a longitudinal approach to analysing the development of Botswana's health information systems. Objectives: We aimed to: (i) trace the development of the national health information systems in Botswana (ii) identify pitfalls during development and prospects that could be maximized to strengthen the system; and (iii) draw lessons for Botswana and other countries working on establishing or improving their health information systems. Methods: This article is based on data collected through document analysis and key informant interviews with policy makers, senior managers and staff of the Ministry of Health and senior officers from various stakeholder organizations. Results: Lack of central coordination, weak leadership, weak policy and regulatory frameworks, and inadequate resources limited development of the national health information systems in Botswana. Lack of attention to issues of organizational structure is one of the major pitfalls.
Introduction
Generation and effective use of health information is viewed as a central component of the stewardship function in a health system [1] [2] [3] . Health information is necessary to improve health outcomes, guide identification of health problems and population needs, inform planning and design of health interventions to address public health problems, guide decision making during The HMN framework identifies six components of a functional HIS as HIS resources, indicators, data sources, data management, information products, and information use [6] . Drawing from these components we identified five assessment domains: structure for coordination and leadership of the national HIS; policy and regulatory framework for the HIS; infrastructure, financial and human resources to support the HIS; availability, adequacy and quality of health information; and health information use in planning, monitoring and evaluation of health services. A set of performance indicators was developed for each of the five assessment domains and used to guide the analysis ( Table 1 ).
The importance of appropriate structures for coordination and leadership of national HIS has been well documented [9, 23] . A well defined structure delineates the roles and responsibilities of the different players ensuring accountability and efficiency in the management of health information. The central coordination and leadership role is crucial in ensuring that activities of various players and organizations are coordinated to ensure integration and coherence of the system [9] . Appropriate policies and legislation form the basis of a sound HIS [5] . Policies define priorities and provide a guiding framework within which all stakeholders operate. Legislation enhances access to data from all sources including the private and non-governmental health institutions [6] . Appropriate HIS resources such as infrastructure, finance and human resources enhances the system's capacity to collect, store, retrieve and analyse data, and disseminate information [6] . Health information is only valuable to health systems if it is of good quality, available and adequate. An effective HIS provides timely access to reliable data that meets the needs of different users including policy makers [6] . Effective use of health information in policy development, priority setting during planning and designing of health interventions, monitoring and evaluation of health services and programs enhances delivery of quality health services that contribute to improved health outcomes in an equitable and responsive manner [6] .
While the indicators based on HMN framework [6] provide detailed and comprehensive assessments of HIS at national and sub national levels, the assessment in this article is at a more general level while its scope is limited to the public health sector activities at the MOH.
Data Collection
Data were abstracted from published and unpublished documents including National Development Plans; MOH policies, strategic and annual performance plans, and consultancy reports; budget speeches and related reports from Government and other agencies; and research reports [16] . Websites of major organizations such as the WHO were explored. We also searched electronic databases such as PubMed, ScienceDirect, Ovid, Scopus, Web of Knowledge, ProQuest, and Google Scholar for published articles.
A total of 54 key informants were purposively selected and recruited through personal contact including telephone calls and emails based on the relevance of their positions to the issues under consideration. A snowballing technique was used to identify some of the informants, especially those who had retired from the public service. The participants comprised policy makers, senior managers and staff of the MOH (N=40), including a total of nine retired employees who held key positions in the Ministry. Senior officers from various stakeholder organizations (N=14), including Ministry of Local Government, non-governmental, private and professional organizations were also interviewed. All interviews were audio taped and transcribed.
Data Analysis
Data from documents and transcripts were analyzed using content and thematic analysis respectively guided by Miles and Huberman's approach which consists of data reduction, data display and conclusion drawing/verification [24] . A deductive approach was adopted where the study indicators acted as the organizing framework [16] . [27] . This unit was charged with the responsibility for coordinating collection, collation, analysis and dissemination of health information to support delivery of health services. While this unit could have been the focus for development of the national HIS, it was limited by human resource capacity due to inability to retain appropriately qualified personnel [28] .
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Results
Context
In 1983, an organizational review of the MOH observed that the overall health information function was weak [29] . The 1984 organizational structure, a product of the 1983 review, however, did not establish a unit dedicated to central coordination of health information.
Responsibilities for health information were given to both the Health Statistics Unit and the Department of Primary Health Care which comprised all the public health programs. There was lack of clarity on how the two structures related with their shared responsibility. With both structures collecting data from health facilities using different data collection tools, standards and procedures, poor coordination and related challenges such as duplication of efforts and poor quality of data were observed [30] .
Concerted efforts to revamp the system were made in the late 1990s through the BNHSA (agreement between Botswana and Norway) which attempted to address the coordination issues by giving the Health Statistics Unit more responsibility to coordinate and carry out health OJPHI information management activities [31] . Efforts were also made to establish a health information committee comprising representatives from the various stakeholder organizations including development partners such as WHO and UNICEF [32] . The impact of this project was, however, limited. Consequently the MOH's 2002 organizational review noted serious gaps in health information management:
The MOH lacks a comprehensive Health Management Information System (HMIS), which would provide timely and reliable information on the performance of the health sector. At this moment in time, the MOH only has scanty and fragmented information on the output of the health services...In consequence, 'burden of disease' assessments, and attempts to specify priorities...for the public, are absent [33] .
Based on this observation, the Management Information Systems Division, comprising Health Statistics and Information Technology (IT) units, was established as an integral part of the Department of Policy Planning Monitoring and Evaluation (DPPME) [33] in a new organizational structure adopted in 2005. Among its responsibilities, this division was to establish, coordinate and maintain an efficient and effective national HIS; produce and disseminate national health statistics; provide informatics leadership and expertise; and build a sustainable and reliable IT infrastructure and electronic health systems in the Ministry and its facilities [34] .
The DPPME also housed the Monitoring and Evaluation Division. The responsibilities of this division included establishing and coordinating national monitoring and evaluation systems, and developing strategies for monitoring and evaluation of health policies and interventions [34] . The separation of health information and monitoring and evaluation appeared to have created confusion in roles. Consequently these two functions were regarded as one by the MOH employees and often referred to as health information/monitoring and evaluation.
While it was generally understood that the Health Statistics Unit has overall responsibility for health statistics at a national level, its role in overall health information management and its relation to the MOH became increasingly blurred:
...the belief is that there are forms used to collect information, but this information is collected for the purposes of the Statistics Act, not for the purposes of the consumption of the Ministry. That is the big difference that people must be aware of. The Health Statistics Unit has its own mandate and the MOH has its own mandate… A key limitation for the development of the coordinating structure for health information was human resource capacity. While DPPME as a whole suffered capacity challenges, this was particularly so for the health information function. Almost five years after the adoption of the 2005 organizational structure, the monitoring and evaluation division was non-functional as suggested by an interviewee:
...almost 3-4 years after restructuring, some of the divisions within some departments are non-functional...for example, the Division of Monitoring and Evaluation in the Department of Policy, Planning,
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Monitoring and Evaluation is non-functional because there are no 'bodies' there.
The Health Statistics Unit lacked the necessary expertise and other resources to meet its obligations. Consequently, different programs in the Ministry continued to develop and manage their own systems [35] to meet their needs:
The current limitation within the Health Statistics Unit is that they have backlog in as far as the information that they have got. You can imagine getting data 3 weeks later and you find that you have an outbreak that you could have addressed earlier had you known…Until we are confident that we have the necessary expertise at the central level to address these issues, then we need to have these parallel systems...
This lack of coordination also meant that the efforts of other stakeholders in information management are poorly coordinated with multiple data flows contributing to a fragmented and inefficient system.
Health information Systems Policy and Regulatory Framework
The national HIS has always operated within a very weak policy and regulatory framework characterized by absence of health information legislation, national policy and strategic plan. One of the BNHSA HIS project's early intents was to establish a national health information policy to guide development of the HIS in the country [36] . This initiative was abandoned because of lack of Ministry management support despite efforts made by different stakeholders [36, 37] .
However, a major achievement in policy development was made at the national level with the development and adoption of the national ICT policy in 2007 [38] . Through this policy, the government affirmed its stance of promoting the use of ICT as a driver of efficiency to promote the country's social, economic and cultural development. The policy outlined specific objectives, programs and projects for different sectors. For the health sector, an e-health program was identified with a number of initiatives including establishment of an e-health council to provide leadership and coordination of e-health projects, review and develop appropriate policies, legislation and standards, and identify infrastructure necessary to support effective electronic information management [38] . The e-health council was, however, not pursued and consequently the gap in the policy and regulatory framework continued to date [39] . In the absence of appropriate policies, the roles and responsibilities of the various players remain unclear, including that of the Health Statistics Unit and the MOH.
The lack of appropriate legislation contributes to the current challenges experienced in collecting data from private health institutions. Private hospitals provide very limited information while private practitioners and non-governmental organizations do not report any data [39] . Absence of standards or guidelines at a national level [35] still characterise the system.
The MOH does not have a national health information strategic plan. The absence of policy and strategic plan is reported to have played a major role in the uncoordinated development of the electronic systems at program levels using varying levels of technology and platforms. These are 
Health Information Systems Resources
Infrastructure
Development of information system infrastructure is coordinated at a national level by the Ministry of Transport and Communication as part of the broader government strategy to promote use of ICT in the public sector. While disparities in availability of infrastructure to support the HIS were previously reported [40] , the government computerization strategy enhanced provision of infrastructure such as communication networks and computers. In 2009, the infrastructure was reported as generally adequate [39] . Functioning computers and some communication systems such as telephones, email/internet services were widely available [39] .
In line with the national ICT policy, the MOH made considerable strides in promoting the use of ICT in health care. In the absence of HIS strategic plan, this has created a myriad of standalone systems with limited interoperability. Some of the existing systems include the Integrated Patient Management System initiated in 2003 and currently implemented in a few hospitals and clinics, Patient Information Management System dedicated to management of patients on antiretroviral treatment and Cancer and TB Registration Systems [39] . Other systems for various functions of the Ministry including drug procurement and management, and health professions registration also exist. While these are notable achievements, the main challenge is the integration and management of data from all these systems [35] .
In the past, the BNHSA project attempted to improve the system's capacity to integrate and manage information through software called Health-net [36, 37] . This software was reportedly installed in most of the health districts that by the end of the project were found to have essential infrastructure to support it. However, the system was reported not to be effectively utilized because of lack of appreciation, commitment and ownership [37] . Within two years of the end of the BNHSA project, the BEANISH project aimed to address the issues of data fragmentation through a data warehousing system based in the health districts-District Health Information System (DHIS), with overall coordination at the Ministry level [41] . The DHIS was to use open source software that was to allow each program to maintain its own data set while providing for integration. By the end of the project, the DHIS was reported to have been piloted in four districts. The DHIS, however, fell off the Ministry's priorities until National Development Plan 10. This plan emphasized the need for health information, and has identified rolling out the DHIS and integration of the different information systems as some of the key activities [42] . The DHIS remains distant to participants from the districts, while it is a window of hope for some participants at the Ministry headquarters:
The DHIS as far as I am concerned is still a concept. Yes they have met and done all their IT things to come up with that...but nobody can give you anything tangible...
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DHIS can be used, it is a good system, it has been used in other countries such as South Africa, but you need to build the structures and you need to integrate these into the business rules...
Financial Resources
Although the MOH identified the need for health information as one of the key priorities during National Development Plan 6 and National Development Plan 7 [43, 44] the budget to support HIS development was not delineated. A breakthrough in financial support came as part of the BNHSA project that established a line budget that supported development of the HIS [45, 46] . Although the intention was for the MOH to carry over financial support of the overall HIS development [47] , the Ministry's budget over the years has been dedicated to building the necessary ICT infrastructure in public hospitals [48] [49] [50] with limited focus on the overall HIS. Although the National Development Plan 10 has identified the need for health information, emphasis is still on IT infrastructure where participants noted some growth in budget allocations:
We have seen quite some growth in terms of the budget that is set up for NDP10 so that we can have all the basic infrastructure in place...even though it is insignificant if you look at the whole Ministry budget.
Human Resources
The BNHSA project made significant efforts to build human resource capacity for health information management [36, 51] particularly at the central level. Several officers were trained on different aspects of health information management activities [37, 51] . However, high staff turnover undermined the achievements made in this area and limited development of the entire system. Although the MOH acknowledged the need for people trained in health information management in its National Health Manpower Plan 1997-2003 [52] , challenges with external training and recruitment continued to undermine the system's human resource capacity. The lack of personnel trained in health information management and related fields continued to be felt at all levels of the system [35] .
Availability, Adequacy and Quality of Health Information
Failure to produce timely annual statistics reports; poor data quality related to fragmentation of data collection using different tools, procedures and standards; inadequate data analysis; limited, unsystematic and non-institutionalized feedback from the Ministry to the districts; and generally poor information dissemination are some of the persistent challenges that have characterized the Botswana HIS over the years [28, 30, 35] . Participants from the districts were particularly concerned with the lack of feedback from the Ministry headquarters:
Information generated is meant to be able to serve the user which is the district or the facility itself. They should be able to get feedback to take corrective measures...but there is a feed forward system because we all have to submit reports to the MOH but there is no feedback mechanism to ensure this information is shared... Although huge amounts of data are reported as collected by the various agencies in the health sector, lack of policies guiding access to data contributes to the perceived lack of data or access to it by stakeholders:
...if you look at (name) program, huge chunks of data! But there is paranoia on who should access information and who should analyze it and publish on it. But they are so preoccupied with day to day service delivery. Nobody will have the opportunity or even the time to dip in and look at those data and analyze those data sets...
The BNHSA project attempted to address data fragmentation and quality issues through development of a national set of core indicators to promote coordination and efficiency of data collection [32] . While it was reported that a set of 44 indicators measuring morbidity and mortality for common health problems was developed through consultation with relevant stakeholders [32] , there is no evidence that these indicators were accepted and used as intended, as different programs continue to collect their own data using different tools.
Health information use
Limited data use has been reported due to various reasons including lack of timeliness in production of reports, analysis, interpretation, and dissemination [30, 32, 39] . Fragmentation of data and challenges with access discourages potential data users:
Our data is scattered. Very often when we are supposed to prepare reports, it is not readily available in one place. You will find that some information is somewhere in files, some information is in a computer somewhere... but not all the information is such that you can easily access it…it is extremely fragmented and much of it is paper based.
Past efforts made by the BNHSA and BEANISH projects had limited impact on making health information available and effectively used by decision makers. Both projects made unsuccessful efforts to strengthen the national HIS technical capacity to manage information through the Health-net and DHIS which could facilitate data harmonization and the creation of the reports to support decision makers.
While fragmentation and inefficient HIS contributes to poor utilization of information, lack of appreciation of the important role played by health information in managing health services on the part of health managers is also seen to be a major influence:
...I have never heard anybody looking for specific information for planning. They just want numbers to put in tables or when they are going to present somewhere. As to how the information is used, how we are using it for planning, nothing hardly happens...
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However, in the area of program management, several participants acknowledged that disease specific programs in the Department of Public Health and Department of HIV/AIDS and Care adequately use their program specific information to monitor program performance and effectively use such information to improve program designs and implementation.
Discussion, pitfalls and prospects
Drawing from the WHO/Health Metrics Network Framework and Standards for Country Health Information Systems (HMN Framework), we identified five assessment areas and developed a set of performance indicators that we used as a guide in tracing the development of Botswana's national HIS. We identified challenges, pitfalls and opportunities that could provide learning experiences for Botswana and other countries in the process of developing their HIS.
Coordination and leadership
One of the key challenges for Botswana's health information is the weak capacity at the national level for effective coordination and management of the HIS. Issues related to structure had a significant impact on development of the HIS coordination function. Although the Health Statistics Unit has always existed in the MOH, albeit as a seconded unit from the Ministry of Finance and Development Planning, it was poorly integrated with the MOH structures, and lacked leadership support and ownership. As a result, the unit suffered capacity challenges limiting its ability to undertake coordination and leadership responsibilities for health information.
The need for a central unit in the MOH responsible for health information management is considered a critical success factor in development and management of an efficient HIS [6, 9] . While significant efforts were made to address the issue of health information coordination in the MOH 2005 organizational structure, there were several pitfalls in this structure. During the design of the structure, the Health Statistics Unit was combined with the IT Unit to form the Management of Information Systems Division. While the role of technology in enhancing HIS is acknowledged worldwide [12, 53] , the mandates of the two units are different. The consequence of this structure was the equating of HIS with IT systems. Investment and development therefore focused on providing general ICT infrastructure including the various electronic systems with limited focus on the overall national HIS. These units have since separated with IT moved to the Department of Corporate Services, while the Health Statistics Unit remained in the DPPME.
Poorly defined roles and responsibilities was another challenge in the structure. In addition to the Management of Information Systems Division, the Monitoring and Evaluation Division was also charged with some health information responsibilities. This lack of clarity of roles between the two divisions created confusion. Well delineated roles and functions prevent duplications and fragmentation of work [54] . Lack of coherence and integration of function [2, 54] was also a challenge. Although the Health Statistics Unit and Monitoring and Evaluation division are in the same department these exist as distinct entities with poor linkages creating inefficiencies.
Lack of effective national leadership for health information management in Botswana was another chronic challenge. Over the years, projects designed to strengthen the HIS could not achieve their goals because of leadership challenges, lack of commitment, support and guidance. The BNHSA project, for example, was not able to facilitate development of a national HIS policy. Similarly the BEANISH project had minimal impact on addressing the fragmented nature OJPHI of the HIS. Effective leadership at senior management level is essential for placing HIS issues in the policy agenda, advocating or motivating for the use of the systems, negotiating for resources and promoting effective use of the system outputs [13, 55, 56] .
The MOH started another round of organizational review in 2012. The new organizational structure is going through the approval processes. This reorganization provides an opportunity for the Ministry to reposition the health information management function, set up appropriate structures, clearly define roles and responsibilities, and establish well-defined linkages with other related functions. The new structure also provides an opportunity to address the human resource needs for the health information function through recruitment or retraining. Both technical and leadership competencies are critical for the success of the system.
Policy and regulatory framework for health information systems
The absence of HIS policies and legislation in Botswana contributed to poor availability and low quality information. Since provision of health information is not mandatory, the country receives very little information from the private sector and nongovernmental organizations, which affects the completeness and hence undermines the accuracy of the information. Poor reporting from the private sector is, however, not unique to Botswana. Countries such as Uganda, Zambia and Malawi [57] [58] [59] share similar problems although they are due to inadequate enforcement of regulations as opposed to lack of regulations since their policy frameworks are reportedly well established. The lack of policies defining responsibilities and guiding the actions of the different actors creates inefficiencies which have negative impact on the overall HIS. Lack of a coherent national strategy for HIS contributed to poor coordination of activities promoting duplication of efforts and poor investment.
In 2011, the MOH revised its 1995 national health policy. The revised policy identified HIS as one of the priorities and, hence, aimed to establish a coordination mechanism that will facilitate data management and use [60] . Subsequent to review of the national health policy, the Ministry developed a National Health Service plan [61] to facilitate its implementation. This plan outlines the strategic plan for health information systems/monitoring and evaluation. Strategic actions in this plan include defining coordination structures and roles and responsibilities of key actors; identifying set of core indicators; and strengthening data use. Consequently, in 2013, the Monitoring and Evaluation Division facilitated development of the data management policy and monitoring and evaluation plan which are both awaiting further consultation and approval. Although these are promising developments, there is need to consider the challenges that often bedevil policy implementation such as failure to adequately plan for implementation, mobilize the necessary resources [62, 63] , and to provide effective leadership for the implementation process. The HIS policy and plan will contribute significantly to HIS development if they are implemented.
Resources for Health Information Systems
As in other developing countries [12, 14, 15] , the HIS in Botswana has suffered from inadequate resources. The MOH does not have a line budget to support HIS activities. The system also lacked appropriately qualified personnel at all levels for the various functions spanning from data collection to data analysis and promotion of effective use of health information. Lack of training in health information management for personnel at different levels of the health system can have a significant impact on the availability and quality of data and the extent to which information OJPHI will be used for planning and decision making [64] . An opportunity to address the human resource needs for the health information function is provided by the local tertiary education sector with some training institution having established training in health informatics and monitoring and evaluation. The merit will be on MOH to use these programs to retrain its staff.
Availability, quality of health information
The chronic lack of central coordination of the HIS in Botswana has perpetuated the development of an array of disjointed sub-systems contributing to fragmentation and poor integration of data. Consequently, the system is inundated with data from various sources, for example, disease specific programs, Health Statistics Unit and several facility-based electronic systems. The importance of a minimum essential data set to reduce redundancy and promote efficiency in data collection and reporting is considered one of the key factors in developing an effective HIS [65] . While some countries have benefited from establishing essential data sets of indicators to monitor the overall health system [66] , Botswana has not been successful in this regard. The collection of data for multiple programs using multiple tools undermines the quality of data and also overburden health care providers [64, 67] .
As part of the overall Government ICT strategy, the MOH is working on rationalizing the various existing electronic systems. This will call for termination or integration of some systems.
Other efforts include strengthening the data warehouse at the MOH and establishing a minimum set of core indicators, which are some of the tenets of the draft national monitoring and evaluation policy and plan. It is, however, important to note that experience from other countries illustrates that attempts at integration of fragmented HIS present significant challenges and is difficult to achieve [22, 55, 68] . Sahay, Monteiro et al based on their experience working with the health information systems in India, argue that the integration of HIS should not be viewed only as a technological undertaking, but should also consider the needs and interests of other stakeholders including program managers and their donor agencies [68] . This view is well supported by studies on development of health information systems in other countries [69] .
Data use
As is the case in many countries [64, 67] , the fragmented HIS and lack of effective coordination has limited availability of data for planning, decision making and overall support of health system development in Botswana. Lack of timeliness in production of annual health statistics reports denies planners access to evidence. Poor feedback or dissemination of information denies the health districts and local facilities opportunities to use their health information to improve delivery of services. While there might be challenges in the system's capacity to analyze data related to human and technological capacity [4] , the lack of policies to guide access to information plays a key role in denying other stakeholders such as researchers the opportunity to effectively use health information for the greater good of the public [70] . Countries developing their HIS are implored to address the issues of health information uses at the design phases of their HIS to ensure equity of access and promote effective and resourceful use of health information [70] .
In an attempt to improve health information management and enhance data use, the Monitoring and Evaluation Division is promoting the use of DHIS. Through this system all programs can enter their data, and produce basic reports at user level. These data will also be available real time to program managers and other data users at the Ministry level where it could be aggregated OJPHI at district and national levels. The data management policy, which waits management approval, aims to establish data sharing mechanisms to facilitate access to health information. The merit will be timely approval and implementation of this policy.
Lessons for Botswana and other developing countries establishing HIS
In taking an evolutionary approach in analyzing development of the HIS in Botswana, some key lessons emerge that Botswana and other developing countries can learn as they develop their systems. The need for a structure dedicated to coordination of HIS is vital. Roles, responsibilities, and relationships between various structures with health information responsibilities must be clearly defined. The relationship of the Health Statistics Unit and the MOH health information unit, in particular, needs to be defined and if possible guided by some form of policy instruments. The lack of HIS coordinating structure and overlapping roles and responsibilities has undermined development of HIS in Botswana. Technical and leadership competencies in the health information systems coordinating structure is an essential ingredient to HIS success. Able leadership could provide strategic direction for the HIS function, and mobilize resources needed to support the development and functioning of the HIS. Finally, while IT is essential as an enabler of effective HIS, it is important to recognize that the two are not synonymous, and hence investment in both should occur concurrently to have a functional system that could provide health information in a timely manner. Botswana invested significantly in IT infrastructure, while the overall HIS was under funded. Consequently the HIS remains poorly developed.
Conclusion
In this article, we traced the development of the HIS in Botswana, identifying pitfalls and prospects in this historical journey and drew important lessons for those working in HIS development. Overall, Botswana struggled to establish a functional HIS over the years. Significant challenges existed in all aspects of the system undermining progress. Chronic challenges such as lack of central coordination, weak leadership, poor policy and regulatory frameworks, and inadequate resources were observed. Some pitfalls included lack of attention to organizational structure designs creating duplication of roles, and poor integration of units and functions. Opportunities are provided by the ongoing reorganization of the MOH through which the health information function can be repositioned. Ongoing efforts to establish the policy framework for health information management could be optimized. Training of health information professionals in local institutions can strengthen the human resource capacity of the national HIS.
Limitations
We adapted and used the HMN Framework and Standards for Country Health Information Systems to guide assessment of the Botswana HIS. While this framework has been used in several countries to evaluate national HIS, its use in research is still limited. There is need for more studies using this framework to build evidence on its utility in HIS research.
